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\) MANUFACTURE OF SOI SUBSTRATE 

^Abstract: 

:OBLEM TO BE SOLVED: To suppress occurrence of defects in an SOI 
jstrate, due to a bonding method by bonding the surface of an insulating 
i on a supporting substrate made of silicon to a monocrystal silicon layer 
ich is epitaxially grown on the surface of a silicon wafer by a crystal 
ling method and by removing the wafer from the rear face. 
iLUTION: An epitaxial layer 2 is formed by epitaxially growing silicon on a 
con wafer 1 fabricated by a crystal pulling method. Boron is injected into 
5 epitaxial layer 2, thereby forming a p+Hayer 3. A supporting substrate 4 
Donded to the surface of the p+-layer 3 on the silicon wafer 1. The rear 
;e of the silicon wafer 1 is ground and abraded to thin the silicon wafer 1. 
e silicon layer is selectively etched, so as to leave only the p+ layer 3 via 
hermal oxide film 5 on the supporting substrate 4. By performing a heat 
atment in a hydrogen atmosphere, boron is allowed to escape to the 
nosphere. Consequently, a silicon layer 3a having a low concentration of 
Durities is formed, via the thermal oxide film 5 on the supporting 
Dstrate 4. 
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AIMS 



aim 1] The 1st process which forms a single-crystal-silicon layer in the silicon wafer front face which manufactured 
he crystal Czochralski method with epitaxial growth, The 2nd process which makes the support substrate which 
sists of silicon with which the insulator layer of predetermined thickness was formed in the front face, and said 
;on wafer rival on said insulator layer front face and a single-crystal-silicon layer front face, The manufacture 
roach of the SOI substrate characterized by having the 3rd process which removes said silicon wafer from the rear 
i, and leaves said single-crystal-silicon layer on said insulator layer. 

aim 2] The 1st process which carries out predetermined time heating of the silicon wafer manufactured by the crystal 
>chralski method in the ambient atmosphere of a non-oxidizing quality of having hydrogen, The 2nd process which 
ices the front face of said silicon wafer rival on said insulator layer front face of the support substrate which consists 
ilicon with which the insulator layer of predetermined thickness was formed, The manufacture approach of the SOI 
strate characterized by having the 3rd process which carries out predetermined thickness removal of said silicon 
"er from the rear face, and leaves the silicon layer of predetermined thickness on said insulator layer, 
aim 3] The 1st process which removes this thermal oxidation film after forming the thermal oxidation film in that 
it face by carrying out predetermined time heating of the silicon wafer manufactured by the crystal Czochralski 
Jiod within the ambient atmosphere which has oxygen, The 2nd process which makes the front face of said silicon 
r er rival on said insulator layer front face of the support substrate which consists of silicon with which the insulator 
sr of predetermined thickness was formed, The manufacture approach of the SOI substrate characterized by having 
3rd process which carries out predetermined thickness removal of said silicon wafer from the rear face, and leaves 
silicon layer of predetermined thickness on said insulator layer. 

aim 4] The manufacture approach of the SOI substrate characterized by forming a single-crystal-silicon layer in said 
son wafer front face with epitaxial growth after said 1st process, sticking the single-crystal-silicon layer front face of 
I silicon wafer on said insulator layer front face of said support substrate at said 2nd process, removing said silicon 
fer from the rear face at said 3rd process in the manufacture approach of a SOI substrate according to claim 2 or 3, 
I leaving said single-crystal-silicon layer on said insulator layer. 

aim 5] It is the manufacture approach of the SOI substrate characterized by performing said heating at the elevated 
iperature exceeding 1 100 degrees C in the manufacture approach of a SOI substrate claim 2 - given in 4 any 1 terms, 
aim 6] In the manufacture approach of a SOI substrate according to claim 1 before said 1st process The impurity of 
icentration higher than said silicon wafer is introduced into said silicon wafer front face, and the impurity installation 
er of predetermined thickness is formed. At said 1st process Said single-crystal-silicon layer is formed on said 
rnrity installation layer. At said 3rd process The manufacture approach of the SOI substrate characterized by falling 
high impurity concentration of said impurity installation layer by the selective etching using a high-impurity- 
icentration difference removing said silicon wafer from a rear face, exposing said impurity installation layer, and 
iting by the reducing atmosphere. 

aim 7] In the manufacture approach of a SOI substrate claim 2 - given in 5 any 1 terms after said 1 st process The 
jurity of concentration higher than said silicon wafer is introduced into said silicon wafer front face, and the impurity 
tallation layer of predetermined thickness is formed. At said 3rd process The manufacture approach of the SOI 
•strate characterized by falling the high impurity concentration of said impurity installation layer by the selective 
hing using a high-impurity-concentration difference removing said silicon wafer from a rear face, exposing said 
jurity installation layer, and heating by the reducing atmosphere. 

aim 8] The manufacture approach of the SOI substrate characterized by removing said silicon wafer from said silicon 
fer side at said 3rd process in the manufacture approach of a SOI substrate claim 1 - given in 5 any 1 terms by 
forming local plasma etching by the measurement result of the residual film thickness of silicon. 
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TAILED DESCRIPTION 



tailed Description of the Invention] 

dd of the Invention] This invention relates to the manufacture approach of the SOI substrate by lamination. 
02] 

•scription of the Prior Art] While large integration and high-performance-izing of LSI by the semiconductor device 
lg silicon progress, the high speed of these LSI and low-power-ization have been required. As a substrate for 
)SLSI corresponding to this demand, the thin film SOI substrate attracts attention instead of the bulk silicon wafer 
d conventionally. As the manufacture approach of a thin film SOI substrate, it roughly divides and there are a 
lOX (Separation by Implanted Oxygen) technique using an oxygen ion implantation and a lamination technique by 
<ing two substrates rival. 

03] First the outline of a SIMOX technique is explained. First, this pours 4xl017cm-2-2xl018cm-2 and a lot ot 
'gen ion into the wafer 91 interior which consists of bulk silicon, as shown in drawing^ (a). The silicon layer 92 is 
Tied in wafer 91 front face of this, and the oxygen ion-implantation layer 93 is formed in the bottom of it of it. 
>sequently, as that wafer 91 is heated, the silicon of a wafer 91 and the oxygen ion of the oxygen ion-implantation 
sr 93 are made to react by this heat treatment and it is shown in drawing_9 (b), it embeds in the bottom of the silicon 
sr 92, and an insulator layer 94 is formed. 

04] However, with this SIMOX technique, in order that a lot of oxygen ion may pass through under the silicon 
stal on the front face of a wafer, a damage goes into surface silicon (silicon layer), and many crystal defects occur, 
d a crystal defect remains also in subsequent heat treatment, without recovering crystallinity completely. For this 
son, the crystallinity of the surface silicon of the SOI substrate formed with the SIMOX technique is infenor to the 
con substrate formed by the crystal Czochralski method. 

05] Next the outline of a lamination technique is explained. First, there is a technique which creates a SOI substrate, 
king full use of the grinding polish processing technique cultivated by the conventional bulk silicon wafer formation, 
shown in drawing 10 (a), this forms the thermal oxidation film 102 in silicon wafer 101 front face, and subsequently 
hawing 10 (b), it pastes up this silicon wafer 101 and the support substrate 103 so that it may be shown. Then, those 
id strength is strengthened by heat treatment. And as shown in drawing JO (c), it considers as the condition that the 
con layer 104 which performed grinding polish, embedded the thermal oxidation film 102 on the support substrate 
j and was made into the insulator layer from the silicon wafer 101 side was formed. 

,06] In order that an above-mentioned approach may thin-film-ize silicon only with the polish technique cultivated by 
k silicon polish, it is the technique which is considered that the crystallinity of the formed silicon layer is equivalent 
julk silicon, and can form a SOI substrate by low cost. However, if the thickness of the surface silicon layer after 
ish is set to'about 1-2 micrometers, the homogeneity of the surface silicon layer membrane thickness within a wafer 
e will worsen. Although surface silicon layer membrane thickness is put in practical use as a creation technique of a 
■I substrate 2 micrometers or more in the present condition, surface silicon layer membrane thickness is difficult for 
.duction of a SOI substrate 1 micrometer or less. 

>071 next PACE (Plasma Assisted Chemical Etching) whose thickness of a silicon layer is a thin film SOI substrate 
•duction technique 1 micrometer or less ~ law is explained. By this PACE method, the SOI substrate first thin-film- 
d to about 2-5 micrometers with the polish technique mentioned above is prepared, and the silicon layer membrane 
skness distribution within the field of this SOI substrate is measured. And by carrying out plasma etching locally, 
king the thickness data feed back, thickness control is carried out and a silicon layer 1 micrometer or less is formed, 
s the technique which forms the silicon layer which also thin-film-ized this PACE method by grinding and etching 
Ik silicon fundamentally, and a lot of damages are not given to a crystal by the ion implantation like a SIMOX 
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^Moreover the boron dirty stoppin^ethod is proposed by one of the thin layer SOI substrate manufacture 
oaches by lamination (JP,8-139297,A). Below, this boron dirty stopping method is explained. First, as shown in 
/ine 1 1 fa) the high concentration boron layer 1 12 is formed in the wafer 1 1 1 which consists of bulk silicon. The 
.n concentration of this high concentration boron layer 1 12 is about [ 5x1 01 9cm - ] three. What is necessary is just 
e solid phase diffusion or ion-implantation for formation of this high concentration boron layer 1 12. 
191 However an important thing is making it a crystal defect not enter at the time of high concentration boron layer 
formation here This high concentration boron layer 1 12 turns into a layer in which it finally embeds, and becomes 
icon layer on an insulator layer, and a component is formed. When a crystal defect enters at the time of high 
^entration boron layer 1 12 formation, it becomes impossible therefore, to maintain the crystal quality as a silicon 
r And when forming the high concentration boron layer 1 12 for example, by solid phase diffusion for the crystal 
ity maintenance, the conditions into which a crystal defect does not go are found out by controlling diffusion 
perature and a diffusion time. . 
01 Next, as shown in drawing 11 (b), the support wafer 1 1 3 is pasted up on high concentration boron layer 1 12 
ling face of a wafer 1 11. The thermal oxidation film 1 14 is beforehand formed in this support wafer 113 front face, 
t as shown in drawing U (c) from wafer 1 1 1 rear face, grinding polish is carried out and thickness of a wafer 1 1 1 is 
:o several 1 0 micrometers or less. Next, selective etching is performed by the potassium-hydroxide water solution or 
V (ethylenediamine poly catechol water solution). 

Ill By this etching there is a property in which an etch rate falls, with the silicon with which p form impurities, such 
oron were introduced into high concentration. For this reason, if above-mentioned etching is performed, after 
tine etching if the high concentration boron layer 1 12 is exposed, an etch rate will fall rapidly and that etching will 
, mostly Consequently, as shown in drawingil (d), it becomes possible to leave the high concentration boron layer 
alternatively And if it heat-treats in a hydrogen ambient atmosphere after the high concentration boron layer 1 12 
been exposed it will escape from the boron in the high concentration boron layer 1 1 2 by out-diffusion, and as 
wn in drawing. 11 (e), the SOI substrate with which low concentration silicon layer 1 12a was formed in the front face 

121 In OTder feat the silicon layer of the lamination SOI substrate by the boron dirty stopping method shown above 
/ carry out lamination of the silicon layer, maintaining the crystallinity of bulk silicon, it is said that the crystallimty 
enerally superior to a SIMOX substrate. Moreover, according to this approach, the thickness of a silicon layer is 
trolled by the amount of installation of boron ion (depth) as a result. For this reason, according to this approach, it 
omes possible to form a silicon layer in homogeneity more thinly. 
1 31 

)blem(s) to be Solved by the Invention] However, it became clear that a defect occurred on the silicon layer front 
=> of the SOI substrate produced by the lamination mentioned above. For example, in the silicon layer front face of 
SOI substrate produced by the boron dirty stopping method, as shown in drawingj.2 , the circular defect had 
urred The diameter of the outermost periphery of this defect had also amounted to 50 micrometers. However, there 
not necessarily so many the numbers within the wafer of for example, the diameter of 6 inch as ten or less pieces, 
s defective part has become depressed rather than the silicon layer front face, and has done the level difference. 
141 although this considered the defect peculiar to the boron dirty stopping method at the beginning - PACE - it 
ame clear mat the same defect also as the SOI substrate formed by law had occurred. This defect was discovered 
ile performing contamination analysis of the SOI substrate front face formed by the PACE method. Although the 
de film of the ultra-thin film was formed in the silicon layer front face of the formed SOI substrate and this oxide 
ti was removed in this contamination analysis, when this process was repeated several times, the circular defect as 
.wn in drawing 13 occurred. This defect had become depressed too and the diameter was dozens of micrometers, 
.reover the occurrences were ten or less pieces within the wafer. There is a close resemblance between the defect 
lerated'in the SOI substrate produced by this PACE method, and the defect generated by the above-mentioned boron 
tv stopping methods, such as magnitude, a configuration, and the generating number. 

>1 51 Although the defect mentioned above has few 10 per one wafer, and occurrences, in order that me component 
med in this field may become certainly poor and may reduce the yield of LSI, it is by no means desirable^ This defect 
•ught that the dust (particle) in a SOI production process had occurred owing to by the beginning. And reduction of 
defect was tried by performing measures, such as dust reduction of a process ambient atmosphere, and much more 
^cation of the material of construction. However, the effectiveness of the defective reduction by those measures was 
t seen, but the defect still shown in drawing . 12 and drawing J 3 generated it. 

)16] The defect discovered with the SOI substrate shown by old explanation is a defect hardly found in the usual 
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roscopic inspection. It is thought of fc^fcforming hydrogen processing that it w^^servable during the hydrogen 
cessing which reduces the high concenrnmon boron in a silicon thin film in the boron dirty stopping method and 
ch is performed for accumulating as shown below. That is, although it originally existed in the silicon front face, the 
se of the defect mentioned above is small and is not found. However, under hydrogen processing is performed by the 
on dirty stopping method. In this processing, an embedding insulator layer disappears according to a reduction 
ration with the hydrogen gas with which even the oxide film reached through that minute defect. And the oxygen 
erated by the reduction reacts with the silicon of the perimeter of a defect, and is returned by hydrogen gas again, 
d those things are ********(ed). A defect becomes large gradually by this repeat, and it becomes easy to find it as a 

17] Moreover, by repeating oxidation and oxide-film removal of a silicon layer by the surface analysis of a SOI 
strate, silicon disappears in the defective part of a certain kind which existed in the silicon layer, and the defect 
covered with the SOI substrate formed by the PACE method is found, when it is expanded. As a result of 
estigating the cause of the defect generated in the silicon layer of the SOI substrate by these lamination from various 
lude angles by SEM observation, Auger analysis, etc., it became clear that the very minute level difference produced 
ording to the crystal defect of a silicon wafer surface layer of a certain kind was involving. 
18] This invention is made in order to cancel the above troubles, and it aims at enabling it to control defective 
lerating of the SOI substrate manufactured by lamination. 
19] 

eans for Solving the Problem] The manufacture approach of the SOI substrate this invention makes the support 
strate which consists of silicon with which the single-crystal-silicon layer was formed in the silicon wafer front face 
ich manufactured by the crystal Czochralski method with epitaxial growth, and the insulator layer of predetermined 
ikness was formed in this and a front face rival on an insulator layer front face and a single-crystal-silicon layer front 
e. And a silicon wafer is removed from the rear face, and it left the single-crystal-silicon layer on the insulator layer, 
the above single-crystal-silicon stratification, the local minute level difference in a silicon wafer front face decreases, 
reover, before forming a single-crystal-silicon layer in addition to the above thing, the impurity of concentration 
her than a silicon wafer is introduced into a silicon wafer front face, and the impurity installation layer of 
determined thickness is formed in it. Moreover, a single-crystal-silicon layer is formed on the impurity installation 
er. And the selective etching using a high-impurity-concentration difference removes a silicon wafer from a rear face, 
impurity installation layer is exposed, and the high impurity concentration of an impurity installation layer was made 
all by heating by the reducing atmosphere. By doing in this way, since an impurity installation layer can leave a 
action target in selective etching, it can leave a silicon layer to the thickness of the introductory layer in impurity 

tallation. . . . 

■20] Moreover, the manufacture approach of the SOI substrate this invention carries out predetermined time heating 
he silicon wafer manufactured by the crystal Czochralski method in the ambient atmosphere of a non-oxidizing 
ility of having hydrogen, and makes the front face of that silicon wafer rival on said insulator layer front face of the 
.port substrate which consists of silicon with which the insulator layer of predetermined thickness was formed. And 
determined thickness removal of the silicon wafer is carried out from the rear face, and it left the silicon layer of 
determined thickness on said insulator layer. The local minute level difference in a silicon wafer front face decreases 
heat treatment of the non-oxidizing atmosphere containing the above hydrogen. Moreover, the manufacture approach 
he SOI substrate this invention removes this thermal oxidation film, after forming the thermal oxidation film in that 
nt face by carrying out predetermined time heating of the silicon wafer manufactured by the crystal Czochralski 
thod within the ambient atmosphere which has oxygen. Subsequently, the front face of the silicon wafer is made to 
al on said insulator layer front face of the support substrate which consists of silicon with which the insulator layer of 
determined thickness was formed. And predetermined thickness removal of the silicon wafer is carried out from the 
r face, and it left the silicon layer of predetermined thickness on the insulator layer. Thus, the local minute level 
ferenc'e in a silicon wafer front face decreases by forming the thermal oxidation film. 
)21] 

nbodiment of the Invention] The gestalt of implementation of this invention is explained with reference to drawing 
ow It is optimal to compare what forms a SOI substrate, measures the number of defects in the state of a SOI 
>strate as a reduction example of a defect, and is depended on the conventional technique with the thing to depend on 
ention However, the number evaluation of defects of a silicon thin film 1 micrometer or less is lacking in 
■eatability or stability. Then, the crystal defect of the silicon wafer of the condition of the bulk before SOI substrate 
mation is evaluated first. . . 

)22] As a candidate for evaluation, the silicon wafer formed by the crystal Czochralski method (CZ process) is used. 
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; high impurity concentration of this i^fcred silicon wafer is usually three or les^^:1017cm - ] low concentration, 
iddition, henceforth, what was formecW^this CZ process is expressed as a silicon wafer. And what grew silicon 
:axially and formed the epilayer of 10 micrometers of thickness on this silicon wafer is prepared. The high impurity 
centration of the formed epilayer as well as a silicon wafer is low concentration, and is usually about [ lxl 01 6cm - ] 
id less than [ it ]. Partial minute defective observation was performed about the silicon front face of the silicon wafer 
vhich this epilayer was formed, and the silicon wafer which does not form the epilayer. The copper-decoration 
hod was used for this evaluation. 

23] Here, a copper-decoration method is explained below. First, the silicon front face which should be evaluated is 
dized by the oxidizing [ thermally ] method, and an oxide film is formed. Next, in the container of the equipment for 
per decoration, alcoholic liquid is filled, and an electrical potential difference is impressed by using a copper plate as 
us electrode within this solution, using an evaluation wafer as a minus electrode. Moreover, the electrical potential 
erence to impress is made below into the withstand voltage electrical potential difference of silicon oxide. If the 
de film of an evaluation wafer front face is whole surface homogeneity at this time, a copper deposit will not take 
:e to an oxide-film front face. 

24] However, if a defect exists in the oxide film of an evaluation wafer front face, the quality of an oxide film has 
iriorated locally or oxide-film thickness is thin, above a certain field strength, a current deposits into this defective 
t and copper deposits on the oxide-film front face of outflow and a defective part. The copper-decoration method is 
erving directly the defect which exists in the oxide film formed in the silicon front face. However, since it is easy to 
centrate electrolysis according to a size effect on the oxide film formed there and the quality of an oxide film is also 
;rior to a perimeter when there is a local minute level difference in a silicon front face, copper deposits in these 
sctive parts. That is, it is thought that the part where the deposit of copper was observed by the copper-decoration 
hod had a local minute level difference before oxide-film formation. Therefore, the defect on the front face of silicon 
detection of a local minute level difference are possible for a copper-decoration method. 

25] The evaluation result of the number of the partial minute level difference detected by the copper-decoration 
hod on the silicon wafer explained above in which the epilayer was formed, and the front face of a silicon wafer 
ch is not formed is shown in drawing 1 . As shown in drawing 1 , in the silicon wafer front face which does not form 
epilayer, the partial minute level difference of four-piece weakness had occurred on the average. On the other hand, 
he silicon wafer front face in which the epilayer was formed, the partial minute level difference is decreasing with 
piece. This shows that the minute level difference resulting from the crystal defect of a certain kind which existed in 
silicon wafer front face almost disappears by the growth process of an epilayer, and the minute level difference is 
reasing on the epilayer front face. 

26] As mentioned above, the very minute level difference produced according to the crystal defect of a silicon wafer 
face layer of a certain kind is participating in the SOI substrate surface discontinuity for example, by the boron dirty 
)ping method. For this reason, if the silicon wafer in which the epilayer made into the condition that there is almost 
ninute level difference by having mentioned above was formed is used, a SOI substrate without a defect can be 
ned. For example, [0027] which can form a SOI substrate with few defects if only the epilayer formed on the silicon 
? er is embedded and it is made to become a silicon layer on an insulator layer Drawing 2 is used below for gestalt 1 . 
>peration, an epilayer is formed on the silicon wafer manufactured by the CZ process, a surface pollutant is removed 
washing the silicon wafer first manufactured by the CZ process explaining the case where a SOI substrate is 
duced by the boron dirty stopping method using this marketed from the wafer manufacturer, the natural oxidation 
i is removed further, and a pure silicon side is formed. Subsequently, as shown in drawing 2 (a), on a silicon wafer 1, 
:on is grown epitaxially and an epilayer 2 is formed. 

28] Next, as shown in drawing 2 (b), the ion implantation of the boron is carried out to an epilayer 2, and it is p+. A 
sr 3 is formed. It is made for the boron which carries out an ion implantation not to reach a silicon wafer 1 at this 
e. Next, as shown in drawing 2 (c), it is p+ of this silicon wafer 1 . The support substrate 4 is made to rival on layer 3 
it face. And it heat-treats and the adhesive strength is strengthened. In addition, the thermal oxidation film 5 is 
ned in support substrate 4 front face. Next, as shown in drawing 2 (d) from silicon wafer 1 rear face, grinding polish 
arried out and lamination of the silicon wafer 1 is carried out. 

29] Next, as shown in drawing 2 (e), with a potassium-hydroxide water solution, the silicon layer whose impurity is 
de low concentration alternatively is etched, and the thermal oxidation film 5 is minded on the support substrate 4, 
it is p+. It leaves only a layer 3. In addition, you may make it use EPW liquid in this etching. Subsequently, as 
wn in drawing 2 (f), by heat-treating in a hydrogen ambient atmosphere, boron is extracted in atmospheric air by out- 
\ision, and silicon layer 3a from which the impurity became low concentration through the thermal oxidation film 5 
the support substrate 4 is formed. 
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30] The SOI substrate by silicon lay<^jfcwhich embedded the lower layer therm^Pidation film 5, and was made 
the insulator layer by the above thinP^ompleted. And according to the gestalt 1 of this operation, it is p+ to 
:on wafer 1 front face. By forming a layer 3, the minute level difference resulting from a certain kind of crystal 
jet is extinguished. And p+ formed in the front face of this silicon wafer 1 He is trying to use a layer 3 as a silicon 
;r on the embedding insulator layer of a SOI substrate. Consequently, according to the gestalt 1 of this operation, the 
: substrate which does not almost have a defect which was mentioned above can be obtained. 

31] In example of comparison 1 ., and time, the ELTRAN method is proposed as the double dirty stopping method as 
manufacture approach using the silicon film by epitaxial growth in the lamination SOI substrate until now. 
oduction and the double dirty stopping method are explained. By the double dirty stopping method, first, as shown 
rawing 3 (a), an impurity injects boron into silicon wafer 3 1 low-concentration front face by the ion implantation or 
usion at high concentration, and it is p+. A layer 32 is formed. This p+ The boron concentration of a layer 32 is three 
nore[5xl019cm-]. 

32] Subsequently, it is this p+ as shown in drawingj. (b). An impurity forms the silicon layer 33 of a low- 
centration single crystal with epitaxial growth on a layer 32. Finally, since it becomes the field in which a 
lponent is formed, in order to control the electrical property of the component to form, as for this silicon layer 33, it 
esirable for high impurity concentration to be three or less [ lxl 01 7cm - ] generally. Therefore, p+ Between a layer 
ind the epitaxially grown silicon layer 33, the high-impurity-concentration difference of figures triple [ 2-] is made. 
33] Here, in this way, if there is a high-impurity-concentration difference, stress will be applied to the silicon layer 
ind many crystal defects will occur in the formed silicon layer 33. In order to ease this stress, the approach of adding 
carbon which is the same IV group element as silicon, and germanium several% in the silicon film growing 
axially is proposed (3 29 SEMICONDUCTOR WAFER BONDING : Proseedings of the second international 
iposium on "SCIENCE, TECHNOLOGY, AND APPLICATION, PV93- p 1993). 
34] Next, drawingj (c) silicon layer 33 front face is oxidized thermally, and an oxide film 34 is formed, 
•sequently, the support wafer 35 is made to rival, as shown in drawing 3 (d). next, it is shown in drawing 3 (e) -- as - 
zon wafer 3 1 rear face - grinding - or it grinds and lamination of this silicon wafer 3 1 is carried out. Next, a silicon 
'er 31 is etched by the wet etching using a potassium-hydroxide water solution or EPW liquid. p+ from which boron 
i introduced into high concentration by this etching as shown in drawing 3 (f) A layer 32 remains without being 
led. 

35] And it is p+ by the technique into which an impurity etches alternatively the silicon introduced into high 
centration. A layer 32 is removed. The SOI substrate with which it embedded on the support wafer 35 by this as 
wn in drawing 3 (g), and the silicon layer 33 was formed through the oxide film 34 as an insulator layer is 
ipleted However, the silicon film by the epitaxial growth left behind on the embedding insulator layer is silicon film 
ich contained impurities the single-crystal-silicon film with which many crystal defects exist, or other than silicon 
> several%. That is, it is in ** that the silicon film by this example 1 of a comparison is inferior to the crystallinity of 
silicon manufactured by the CZ process. 

36] P+ which introduced boron into both high concentration when the SOI substrate by the gestalt 1 of the above- 
ntioned operation was compared with the SOI substrate of this example 1 of a comparison He is trying to form a 
sr. However, since an impurity forms a silicon layer by growing epitaxially on a low-concentration SOI substrate 
h the SOI substrate by the gestalt 1 of operation, the crystallinity of this silicon layer is good. And it is p+ at the 
iditions from which a crystal defect does not go into the silicon film by the good epitaxial growth with the gestalt 1 of 
ration. He is trying to form a layer. 

37] With the double dirty stopping method of the example 1 of a comparison, it is p+ to a silicon water tront tace to 
above thing. A layer is formed and the silicon film is formed with epitaxial growth on it. For this reason, as 
ntioned above, the crystallinity of the formed silicon film cannot be said to be fitness. That is, although the silicon 
n by epitaxial growth is used also in the gestalt 1 of operation, or the example 1 of a comparison, the crystallinity of 
film in which the formation fault was formed differs. 

•38] example of comparison 2. - on the other hand - ELTRAN - law changes the front face of porosity silicon into a 
gle crystal layer by heat treatment first. Subsequently, the single-crystal-silicon film is grown up with epitaxial 
•wth on it And it is the approach of producing a SOI substrate, using this silicon film like the above-mentioned 
ibles top method. However, it is shown clearly that the crystal defect of 2xl03cm-2 is included in the single-crystal- 
con film by this epitaxial growth (101 the Nikkei micro device October issue, p 1994). 

i39] Therefore, although the silicon film by epitaxial growth is used also in this ELTRAN method, the crystallinity of 
film in which the formation fault was formed differs in the gestalt 1 of operation too. it was shown above ~ as - the 
lble dirty stopping method and ELTRAN ~ the silicon film by the epitaxial growth used by law is inferior to the 
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d as the defect in a SOI substrate canWFbe reduced by those approaches. 
40] With gestalt 2. of operation, and the gestalt 1 of the above-mentioned implementation in time, although it was 
de to reduce the partial minute level difference on the front face of a silicon wafer by forming the silicon film by 
:axial growth, it does not restrict to this. The gestalt 2 of this operation shows how to reduce the partial minute level 
erence on the front face of a silicon wafer, without forming the silicon film by epitaxial growth. With the gestalt 2 of 
; operation, the partial minute level difference on the front face of a silicon wafer is reduced by heat-treating in the 
oicnt atmosphere containing hydrogen gas (hydrogen processing). 

41 ] First, the relation between the processing time at the time of carrying out hydrogen processing at the processing 
tperature'of 1 150 degrees C and the number of the detected partial minute level difference is shown in drawing. 4 . As 
wn in dxawing 4 , the partial minute level difference which was by four averages before hydrogen processing is 
reasing to an average of 0.5 pieces by the hydrogen processing for 30 minutes. After that, it is not dependent on the 
[rogen processing time, and the number of a partial minute level difference becomes fixed. There is such no 
uction effectiveness at the case where this heat treatment is performed in the ambient atmosphere of nitrogen 100%. 
42] By heat-treating in hydrogen, the oxide shown in the silicon front face is removed by reduction operation of 
Irogen, and a silicon clarification side is acquired. And it is thought that the rearrangement of a silicon atom tends to 
►pen with place heat energy, a local minute level difference is embedded in the ambient atmosphere of such a non- 
dizing quality, and a defect decreases with this. For this reason, since the rearrangement of silicon cannot happen 
ily if heat treatment temperature is low, that effectiveness is small if above-mentioned hydrogen processing is not 
formed at an elevated temperature 1 100 degrees C or more. 

43] And a SOI substrate is produced by the boron dirty stopping method shown in dramng.il using the silicon wafer 
ich the local minute level difference reduced by heat treatment in this hydrogen ambient atmosphere. By this, the SOI 
strate which does not almost have a defect by the local minute level difference can be obtained like the gestalt 1 of 
1 operation also in the gestalt 2 of this operation. Moreover, with the SOI substrate by the gestalt 2 of this operation, 
silicon wafer manufactured by the CZ process is used as the silicon layer by carrying out lamination. For this reason, 
he gestalt 2 of this operation, it cannot be overemphasized that the silicon layer of a SOI substrate front face has 
>d crystallinity. 

44] The gestalt of implementation of the 3rd of this invention is explained below gestalt 3. of operation. With the 
talt 3 of this operation, the partial minute level difference on the front face of a silicon wafer is reduced by 
cessing shown below. First, the silicon wafer manufactured by the CZ process is prepared, it heat-treats in an oxygen 
bient atmosphere, and the thermal oxidation film is formed in a silicon front face. Next, the water solution containing 
>ric acid or fluoric acid removes this thermal oxidation film, and a silicon side is again exposed on a silicon wafer 
it face. In addition, formation of the above-mentioned thermal oxidation film is called sacrifice oxidation. 
45] Drawing 5 is the explanatory view showing the relation between the processing time of the sacrifice oxidation, 
I the number of the partial minute level difference on the front face of a silicon wafer after removing the formed 
de film. Here, sacrifice oxidation was performed by heating at 1 150 degrees C in a dry oxygen ambient atmosphere, 
shown in drawing 5 , the number of a partial minute level difference decreases to one or less piece on an average by 
processing for oxidation time amount 50 minutes. And the number of partial minute level differences becomes fixed 
re than in oxidation time amount 1 00 minute. 

46] Here, although processed at the elevated temperature of 1 1 50 degrees C, the reduction effectiveness of a partial 
mte level difference is so remarkable that it carries out at an elevated temperature. On the contrary, below 1 100 
;rees C, the effectiveness is small. Moreover, although drawing 5 is the case where sacrifice oxidation is performed in 
ry oxygen ambient atmosphere, it brings same result also in the oxygen ambient atmosphere containing a steam. And 
reduction effectiveness of this partial minute level difference is acquired when it oxidizes thermally at the elevated 
iperature exceeding 1 100 degrees C. After oxidizing thermally below 1 100 degrees C, even if it is made to perform 
JO-degree C heat treatment by nitrogen-gas-atmosphere mind, the reduction effectiveness of a partial minute level 
Terence is not acquired. 

47] Hereafter, the manufacture approach of the SOI substrate in the gestalt 3 of this operation is explained using 
wing 6 . First, after making into clarification silicon wafer 61 front face manufactured by the CZ process, as shown 
Irawing 6 (a), the thermal oxidation film 62 is formed by oxidizing thermally at the oxidation temperature of 1 150 
jrees C. Next, as shown in drawing 6 (b), the formed thermal oxidation film 62 is removed using the etching reagent 
i fluoric acid system, and the silicon front face of a silicon wafer 61 is exposed. 

48] Subsequently, it is p+ by introducing boron into the silicon wafer 61 which consists of bulk silicon at high 
icentration, as shown in drawing 6 (c). A layer 63 is formed. This p+ The boron concentration of a layer 63 is about 
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:1019cm - ] three. This p+ It is p+ that^B| important although what is necessary i^ P to use solid phase diffusion 
on-implantation for formation of a lay^^. It is making it a crystal defect not enter at the time of layer 63 formation. 
S p+A layer 63 turns into a layer in which it finally embeds, and becomes a silicon layer on an insulator layer, and a 
iponent is formed. Therefore, p+ When a crystal defect enters at the time of layer 63 formation, it becomes 
>ossible to maintain the crystal quality as a silicon layer. Therefore, for example, it is p+ by solid phase diffusion, 
en forming a layer 63, the conditions into which crystal time amount does not go are found out by controlling 
usion temperature and a diffusion time. 

49] Next, as shown in drawing.6 (d), it is p+ of a silicon wafer 61 . The support wafer 64 is pasted up on layer 63 
ning face. The thermal oxidation film 65 is beforehand formed in this support wafer 64 front face. Next, as shown in 
vyjog 6 (e) from silicon wafer 61 rear face, grinding polish is carried out and thickness of a silicon wafer 61 is set to 
eral 10 micrometers or less. Next, a potassium-hydroxide water solution or EPW liquid performs selective etching. 
50] By this etching, there is a property in which an etch rate falls, with the silicon with which p form impurities, such 
>oron, were introduced into high concentration. For this reason, p+ if above-mentioned etching is performed, after 
ting etching If a layer 63 is exposed, an etch rate will fall rapidly and that etching will stop mostly. Consequently, it 
+ as shown in drawing 6 (f). It becomes possible to leave a layer 63 alternatively. And p+ By heat-treating in a 
Irogen ambient atmosphere, after the layer 63 has been exposed, it is p+ by out-diffiision. The boron in a layer 63 is 
racted. Consequently, as shown in drawing 6 (g), the SOI substrate with which low concentration silicon layer 63a 
;ch does not almost have a defect by the partial minute level difference was formed in the front face like the gestalten 
id 2 of said operation is completed. 

51] The manufacture approach of the SOI substrate in the gestalt 4 of implementation of this invention is explained 
lg drawing 7 and 8 below gestalt 4. of operation. First, after making into clarification silicon wafer 71 front face 
lufactured by the CZ process, as shown in drawing 7 (a), the thermal oxidation film 72 is formed by oxidizing 
rmally at the oxidation temperature of 1 150 degrees C. Next, as shown in drawing.?, (b), the formed thermal 
Jation film 72 is removed using the etching reagent of a fluoric acid system, and the silicon front face of a silicon 
r er 71 is exposed. 

52] Next, as shown in drawing_7 (c), on a silicon wafer 71, silicon is grown epitaxially and an epilayer 73 is formed, 
ct, as shown in drawing 7 (d), the ion implantation of the boron is carried out to an epilayer 73, and it is p+. A layer 
is formed. It is made for the boron which carries out an ion implantation not to reach a silicon wafer 71 at this time, 
ct, as shown in drawi ng 8 (e), it is p+ of this silicon wafer 71 . The support substrate 75 is made to rival on layer 74 
it'face. In addition, the thermal oxidation film 76 is beforehand formed in support substrate 75 front face. And it 
t-treats and the adhesive strength is strengthened. 

53] Next, as shown in drawing 8 (f) from silicon wafer 71 rear face, grinding polish is carried out and lamination of 
silicon wafer 71 is carried out. Next, as shown in drawing 8 (g), with a potassium-hydroxide water solution, the 
:on layer whose impurity is inside low concentration alternatively is etched, and the thermal oxidation film 76 is 
ided on the support substrate 75, and it is p+. It leaves only a layer 74. In addition, you may make it use EPW liquid 
his etching. 

54] Subsequently, as shown in drawing 8 (h), by heat-treating in a hydrogen ambient atmosphere, boron is extracted 
tmospheric air by out-diffusion, and silicon layer 74a from which the impurity became low concentration through 
thermal oxidation film 76 on the support substrate 75 is formed. The SOI substrate by silicon layer 74a which 
redded the lower layer thermal oxidation film 76, and was made into the insulator layer by the above thing is 
ipleted. And according to the gestalt 4 of this operation, the SOI substrate which does not almost have a defect by 
partial minute level difference can be obtained like the gestalten 1-3 of said operation. 

55] In addition, although he is trying to use for example, the boron dirty stopping method as the technique of leaving 
licon layer with the gestalten 1-4 of the above-mentioned implementation, it does not restrict to this, for example, 
CE (Plasma Assisted Chemical Etching) which removes the silicon wafer by performing local plasma etching by the 
isurement result of the residual film thickness of silicon - it cannot be overemphasized that you may make it use law 
he technique of leaving a silicon layer. 
56] 

feet of the Invention] The support substrate which consists of silicon with which the single-crystal-silicon layer was 
ned in the silicon wafer front face which manufactured by the crystal Czochralski method with epitaxial growth, and 
insulator layer of predetermined thickness was formed in this and a front face is made to rival in this invention on an 
llator layer front face and a single-crystal -silicon layer front face, as explained above. And a silicon wafer is 
loved from the rear face, and it left the single-crystal-silicon layer on the insulator layer. Moreover, before forming a 
gle-crystal-silicon layer in addition to the above thing, the impurity of concentration higher than a silicon wafer is 
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oduced into a silicon wafer front facejf^i the impurity installation layer of predestined thickness is formed in it. 
reover, a single-crystal-silicon layer i^Rned on the impurity installation layer. And the selective etching using a 
n-impurity-concentration difference removes a silicon wafer from a rear face, an impurity installation layer is 
osed, and the high impurity concentration of an impurity installation layer was made to fall by heating by the 
ucing atmosphere. 

57] By the above thing, the local minute level difference shown in a silicon wafer front face by the single-crystal- 
;on stratification decreases. Consequently, according to this invention, defective generating resulting from that local 
lute level difference of the SOI substrate manufactured by lamination can be controlled. Moreover, since an impurity 
allation layer can leave a selection target in selective etching, it can leave a silicon layer to the thickness of the 
oductory layer in impurity installation. Consequently, the thickness of a silicon layer can be controlled now by 
:kness of impurity installation, and can make a silicon layer thinner. 

58] Moreover, predetermined time heating of the silicon wafer manufactured by the crystal Czochralski method is 
t carried out in the ambient atmosphere of a non-oxidizing quality of having hydrogen, and the front face of that 
x>n wafer is made to rival in this invention on said insulator layer front face of the support substrate which consists 
;ilicon with which the insulator layer of predetermined thickness was formed. And predetermined thickness removal 
he silicon wafer is carried out from the rear face, and it left the silicon layer of predetermined thickness on said 
llator layer. The local minute level difference in a silicon wafer front face decreases by heat treatment of the non- 
iizing atmosphere which contained hydrogen by the above thing. Consequently, according to this invention, 
active generating resulting from that local minute level difference of the SOI substrate manufactured by lamination 
be controlled. 

59] And in this invention, after forming the thermal oxidation film in that front face by carrying out predetermined 
e heating of the silicon wafer manufactured by the crystal Czochralski method within the ambient atmosphere which 
oxygen, this thermal oxidation film is removed. Subsequently, the front face of the silicon wafer is made to rival on 
i insulator layer front face of the support substrate which consists of silicon with which the insulator layer of 
determined thickness was formed. And predetermined thickness removal of the silicon wafer is carried out from the 
: face, and it left the silicon layer of predetermined thickness on the insulator layer. Thus, the local minute level 
ference in a silicon wafer front face decreases by forming the thermal oxidation film. And if this thermal oxidation 
i is removed, the silicon wafer front face which the local minute level difference reduced will be obtained, 
lsequently, according to this invention, defective generating resulting from that local minute level difference of the 
[ substrate manufactured by lamination can be controlled. 
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0 ^t>if <t 0 vm i/cso 1 Siov y >g^® k: 

x h ^ ^'iStcj: of^KL/cSO 1 y 3 >Ji*ffl 

cctt. Hi zic^ti^Rf^Ptebti^ 

L/^U, *<Z>»tt. W^«6>r>^SO^x/NF*9ri 0 

[oouistn, c^D>x^xh77"S(c^ 

W©^CBi**n>fc3&«. PACEStMUcSOl 
(D^PS«, PACEfttMlfcSO lIS*f©^ 



it. Bf&btcsoi as© > 3 >®mmtcwmm<DM 

ofc. C©PACEftrftSgGfcSO II^KMOte 

-5„ 10 
[00 15]±aL-it«tt, 1 ^ia^A:0 1 Oli 

^C^MifcO. LS I©^S9£fi^3t*-£;toMe& 

LTJhF£iA>4>©-e«£rt,>,, coxmt. mtnxiz. S 

O I {WtLmtteVhZX V (^-r-ifJl) ftlimx 

h <s^<£fflfm©<fc o -mommm £• ©ft®**? -5 

te J; 1 3 (c^-r^ffi*5^ L tc. 20 
[0016] cn$-C©^-Cir:LfcSO I S«"C^m 

Sftfc^Kitt. MS©§a&^£Tim^<fcji.ow6 

ft&t^fi§-C&£„ tf'a>X-;> h ■> ■?&<D'PXis <) 

ti, V n >^ffi(c|?SEU-Ct,^cfe©©/jN3 < tl 

oW£>ft&t>4>©"e*>S., L/^L. *?a>x^5 L ^h^ 
^ffi-cti. TK^Ma^^tf -5. c©^a«:*jt^r. ^-© 

-e©M5cK: £ 9 1££ L fc^*s^RSSH©-> V 3 > <fc £ 
[0017] Sfc. PACE^-CJfML/fcSO I S«f 

^m^nfc^tt, s o i mm<omm^Vrxiy <j 3>j§ 

bfc&Sg©^1^^:>y 3 >#?g£U ^ 40 

h&v&frwc <fcs s o i mm<Dis>) 3>n^^s 

[0018] C©^«. ^©iSftPm-^BSS-f 

sfc&ctft;*nfc4>©r*<3. sgo^b-ttKiossyt-r 
sso i *«©^^*ffli$ijr # s <fc ^ cc-r s ct* 
swi-rso so 
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[0019] 

mmzmgr? ztcitxD^m comoso ii«© 

zftmu. cni«ffitc0T^©®$©*gaM*5^$n 
3 >frhtez>3m s«i 4. ^^®<t^ H H a 

x^^-e©aHct *) i^*ur*&^a_htc**s^-> >; 3 > 

0> v";3>^X7^®{C*-5^Bfra<J^{S/hSII*3{g;« 

Jf£j£-f SiiuK:. i^'j 3>^x^SMCci"j 3>^iaJ: 

0 *i»iiffi©**6ft**A u . wxjkdw-z <&mmmx 

*5agAJl±K3fi£-rs. fir, ^^jjSSM^WfflL. 
fciltRx ^ > ^tc «fc 0 »ffi<fc 0 5> 'J 3 > ^ x^ 

ox^wmxm^miiiL. mfrnMrn^vum-r^c 

coi^Kticir, iltRx-^^>yr«^^A 
)i*5a§JR^(D^ti-S©-c. ^^A^teWS^A^© 

[0020]Sfc, COISWSO I S«©S43**ft 

»> ^Hl?l*±tf^Ccl;0Sii*Lfc>";3>^x/N*7k 
mzfommmmmztitcisv 3 >a^aj:-539#*s© 

B?ie*ftii)Kaiffitc ■€■©*> 3 > •> x7->©g|tg£5g 0 

■€■ IT, >";3>^x^$ : ^©Rffi c fc»5B»f®?$ 

^*urmfiaffii^M±K§f®i5©>";3>g^g|-rcfc 

«. ISA? I J: 0 MS 0 fcv- U 3 > ^ x;n£^ 

J:0»f5ewSI»*Orlft»gLI;«:Bf3e»S©i''Ja>» 

its. 

[0 02 1 ] 

#fi§friftHj-r5 0 xr5©{s«*wi<!: L.r», so is 
«4Mitso 1 »«o«a»-c^iB*sra!Beu. fit* 
©^scc cfc s t © t mwic j: s t ©& tfc^-r s ©*5^® 

£ . U *> U . 1 u mfe{T© 3 >SK©^PSS[I? 
^fiSJfi©^*;U ^©«^©~> 'J 3 >-i; x^igJI^PiS: 
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[0022] wwrnsit iTij. ^?i#±tf m (c z 
&) K.£^xi&f8.istci") 3>^7 x-^zmm. com 

cm-^Toffifga-r**. 3^*5, felR-Ctt. C©CZ 

f£gl,TK/?l 0um©xtl«:fsiEl//£«>OtlH- 
«Kffi»ttr*»). a^Jl x 1 0 16 cm- 3 fia*>S^ 

ta^-fttrrc**,, c©xt*ji£jBf80/v> i ;3>^x io 
Ai, xt*ji£ffj)&0Ti,>&t,^>y 3>-?x^©->y 3 

[0 02 3] CCT, — -> 3 >r£&c-X>TljrF 

rwEiBWirr*. *&. EPttrrsiiEE«s'y3>®{b 

McDi^WJEIIKfcrFi-r-So c©££. ifffi^x^Si 20 
ffi©®MbM#S:£BJ3m#6«. BMURXQBtcmTtmxjS 

[0 024] ifffi^x^ffiCD^fbJgtJiK^fiS 

~>y 3>aw«:jK«SLte»kg|itiKn?aE^s^idB*tBif 
cn6^RS»cai*s«ai-ra„ is? 1 

{ bBSffMM KJ^Ifl£tg&/Ni£il#s& /c &©£#;?.£> ft 

[002 5] kLkteiftHjfCfc, itl4Mt/fc->"J 3 
^x^t^L-T^ftl,^'; 3>'2x^SlHcr> > 

SFfflMSSSrH 1 KjnT. ll«:*t<t^K:, iff5:f 40 
jjJU,Tt>£^~>y a>-i;x^fflcctt. ¥£}L/-C4<@ii 

zmmLtcisv 3>^x^^a-c». »#r»/j\&g#i 1 

Lfc*4«<0«ft^B(CiBHrS»/J\«l&3&«. xfH© 

0Efiasr«<fc^iB*i,-co*t». xfg^ffi-ctsss 

[o o 2 6 ] mmLtck'jic, -/y3>^iA^iio 
*4«©»ilfc«K: «fc oT£D*i«^e&/Kj:©M#. 

MX. K#a>X-;fXf 5r 7'^(C i^SO I 50 
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fotcm^-LX^Z. C©fc#. ±i£ U ft: C 

-^x^SrfflOfttf. *«©&(,» SO uss%«stc* 
SCitCftS., ^y 3>^x;->_hK:ff5>?£Ufcx 

tlBO^iSaM^IMIWi©^ y 3 >H £ & £ J: 5 k 

[0 02 7]fdi©fl?»l. «TK. @2 4ffll>t, C 
ZSKJ: 'J Ki& Ltc '><) 3 > ^ x^±CCX flf £Jfclj5c 
U ch»Wa>i7W h v SO I 

-i7x^y-*^6TtJIS3n-C^SCZffi(cj:»3i!i 
S $ ftfc f y 3 > •> x * £ c i rai©fiiH* 

>ffi£Jf5(£-rS. &l»t?. 02 (a) Jc5V*\fc5«: % 
y 3 x^ 1 ±fc>> y 3 >£x f$ * v +• ;H5&fiL,T 
xfB2 4J^(S-r-5. 

[002 8];XK. 02 (b) Cci5rr<fcMc. xfI2 
WBy4-ft>tALtp' H3%^fiR-T5. C©£ 
■Y^>?iA-r'S^ci>*^y n>^x^ 1 (cfiMU 

5 K-r£„ ^ic. 02 (c) fc^-rj^c. c© 

•>y3>-i;x/M©p* «3*ffiK. 33$gffi4£^f3 

3d*»R4*ffl«:tt«ftMiUi5 3WgfiRStiT:i,> 
^C(c, 02 (d) KSrfJ:5K:, j/ya^i'M 
*H«t 0 whwhsi/t:*©^ y 3 >?x^ 1 ^WJifb-r 

[0 02 9] 02 (e) tCTFT.fc^tC, *&fb# 

y A*?g?£(c J; o -cjlJReqcc^^i^tpffiiga-c*, s 

^itp* m3(D&&m-?<k*>ic-r2>. c©x 
ir>. ^^-c. 02 (f) K^-r«fc^fc. *^#ffiM*r 

[0 0 3 0 ] JW±©C<tCC«fc«3. T»©««fUl5*ai 
»jA*^Mi L/O y 3 >® 3 a K J: 2, S O I 

fit. C<zmm<DB18il fc<fc*l«, ->yr> 

^lAiaiicp' )S3*7T^-r-5>c tr, &-s«© 

r. c©t^y3>^x/M©affiK:7BfiRU7 v cp* ®3* 
so 1 *«©a*iA**feSStJb©>- y 3>^<tu-cffi^ 
-Si^fcurt^^ c©m^. c©**6©0ssi jciti 

«. «^^^fcJ:•5J5:^RS^&Hi<b^^!^c^SO IStS£f# 
[0 0 3 1 ] l&mi. £C*>-C\ SSO^fc-tiSOIS 

7"iS<tE LTRANffiA^*Ttcaig3n-Ct,^„ fe#> 
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X7^h'>7lrit 0 3 (a) fc7jrr<fc5 

5x l 0 ,5 cm- 3 «±t*^ 

[0 03 2] -X^r, 03 (b) CCTjVTcfcSec, C<Dp 

W^tt«J»S*i 1 x i o 1 1 c m- 3 KITt* £ c t 

Ltc&-DX. p f 132ixb^ + '>t«IL 
fcis U n 3 3 OBICCtt. 2-3 «©^««Sa&# 

[0 03 3] CCT\ CCDct^CC. 
<b, 1/ >;=!>■ 3 3(ct2l£^tf:ft>3A>9» Bf&lstcU'J* 
>13 3 *CC(i^< <Dl6fi$dB#«£-r4. C(DJ£^^ 

•?A%S[%aSftlT4^ffi^SBBS*lTl>4 (Proseedinq 20 
s of the second international symposium on "SEMICO 
tCUCTCR WAFER BONDING : SCIENCE, TECHNOLOGY ,AND A 
PPLICATION, FV93-29,p3,1993) . 

[0034] &cc* 03(c) s/'j3>i3 3mm*m 
■WburWfc«3 4*»«-*. jfcor, 03 (d) cc 
^TJ:Mc, £ft-»x^3 5 £5S9^*>*££o -XK. 0 
3 (e) tfCm-f^Slc. y'J3>^3 1S®<J:9W 
8U*4l>t«MOT, C02/'j3>»)^3 1tlWHt 

ffl(,>fc^7Xy hx^>^Cj;9, ^'J^^^x^S 1 30 

£x^>>/-r£ 0 c©i^>ynt 03 (f) 

x??>^3tir(c:MS. . 

[oo35]^u, ywm&iKia&tcmxstitcuv 

3>«WlWfcx^^>yr**ffifcJ:»J, P f 132 
4RSra B COC<LCCj;9. 03 (g) tc^Tcfc^ 
fC. 3at^X^3 5±Ccad?)^ffi3»Jg<bLrcDKft^ 

34*^ur^y=j>»3 3«^n/cson^ 

* V + JWSfite <fc 5 f y =» >SttlSa$**s^ < ^ffiT 40 

»a%t^>»j3>ir^^ 0 -ra**, colt 
«« iccj:4t/y n>Htt % CZffiCcJ:0HJfiL/fc2xy 

[0 03 6] H«a<5[>*35fiO^JS 1 CCJ: S S O I SS<t C 
©ib««l©SO I*«i*Jt«Lfci*, 

HjSfi<D^« 1 tc cfc ^ S O Ilf-Ctt, ^tt 

»**(B!«k© s o i mm±^ x t: * * *✓ * & C 
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ttt*jyff-c&& 0 fur, S6»©jg«irtt. ^(D&Sf 

[0 0 3 7 ] VL±<DC£lC%iLX. ft«Ml©^l/i 
j^Fv^im ^yra^tfx^SiHfcp* »«r^ 
J&U *©±Ccxt**S/+JWS!Eft«:J:0S/y3>«* 

[0 03 8 ] Jt«W2. — ELTRANSB, * 

?\ *a»^y3>o*ffi«rJfc«aiccj:or*ig«iB«: 
«r»i/yn>H*jatfi3*s. ^br, c©j/«a>i 

CCiS#«fiS/yn>JRK:«, 2 x 1 0 3 cm 2 CD$£a 

OPf^>fX10^ plOL 1994) „ 
[0 03 9] [stcifi~?X. CCDELTRAN&tefcHT 

x^X h 7^ELTRANffirffll^5xt:^ 

fficc<ta^yn>^x^j:Dfeseorc»5 B ccotcib, 

[0040] mm<omm2 . jjskmqsib 

lttt, xf^*^*;i/fi!ESCcJ:a^y3>|R*j|5j|R-r 
£t<tr, ^y3>^x^»BOHW«/J\a**(SK3 

0»HI2m xtf^*^^il/fiESCCj:S^y=i>H«: 

j»a«rfc. ^y=»>->x^*n©«»fa^aa*«« 

y n >->x^N*H©»Bf»/J^SSS*fi»r4 J: 5 CcL/c 
4><E>T?*£o 

[0041] 04 &c, ffiiagi i 5 o°cx7km 

«&£<BBM**7iVr. 04 (C^-Ti^cc, *««Sircc 
V»r4«*oW»ilfaM>B»^ 3 0^<D*SR«H1"C 

^s^: i o o%mm(onmnvn -otcmsx^ c<dx 

[o 0 4 2 ] 7K3R*Taii»«ffli-r*c<tr, s/ya>* 
S^c ^> o fcMf fcWB*3R©3l7cffffl«: <fc 0 5 nr u 

yn>«»ffi*$»6tlS. *l/tr, Ctlcbi^tC. CCD 
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j; s tem<m<D'%wm.-cte. mm** •> 
< i^c«?>. ±a>©*^s« iioo -c&.±(omu-cn 

[ 0 0 4 3 ] -£ UX, C©7K^#ffl«*CD^g|(Cj: »5 

mm$)tj:®i>mmmmbtcis<j n^x^^o. 0 

1 1 Kilfc*D>i h 7 T'SKJ: 15 S O I If 

«t•5^Rl*^^^^<!;'^cc^so lifi^n^ns. 

C©3Ufe©ff$Sg2iCj:SSO l««-c«. CZStcJcO 

Miisnfc 3> vx.^zmm<t? % c t -cu y a > 

HiL/Xt,^., c©fc5b. c©Hife©^2«:*ji^'r 
fe, SOI SffijglM©^ 'J =1 &£illtt**r-f 

[0 0 44] 3Ufi©0.^3. tTF. C©#PJ©!?I3©§I| 

)5fe©^K:o^riSwrs. c©JU6©ff^3r». « 
WO'^y^v^x^^ffitc^y 3>M3rSffl3 

•a-*. &*s. ±^©«sKfbM©^fig«. ttttMfb&pptf 

[00451 I5B, ^©^^©^SP^i . 

Lfcawtii*!** l icm>*s y 3 > ^ x^at®©^^ 

K7-/iftiif 1150 -ctctn^-r^ c tt?Mi 

t?^Hif®/M^©<i^:«^-cniJiiTccMii>-rSo -e 
it. ^fbfi^i 0 o#«_kt\ mmwhrnrnfomz- 

[0046] CC-Ctt, 1 1 5 O-CiC^jftS-CSaS^r 

«-CS)So MK. 1 1 0 0 •CJ^T-C«^-©^ii/jN^ 
C>. 05 B. F9 4«JR#H»tfl§ttBMt*ffo 

fcJS^-CS>^*5. TK^^r^fc-^^Hm-rfe^© 

-eur, c©^»/J\SM©«^*b. 

1 1 0 O-CiffifcSiSST&ffifb^TofcJ&^CCf&kii 
[0 047] fcTf . C©Stt©il3KteW ssois 

s©Mj®^^. m$*m\.*-cm.w?z>« t-r, czm 

06(a) CC^T <fc 5 (C. mitUA 1150 'CT^-fb 

-rstir&t&fbj&e 2^^BR-rs 0 y«c. 06 (b) 
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[0048]^-C, 06 (c) (C^ti^K. 
^ y =3 >ifihtai,is >J3>')xa6 1 &cg5?gg(C*"P > 
^lA-r&CiTp* ®6 3*^-r4. t©p* §6 
3 ©^D >j£g«:. x 1 0 1 ' cm' 'WZXtb 

mAmttzzm^tiixji^tiK as&ci«p* H6 3 
© P * i6 3«. m.mmcm&iAfym®;m±.<D^ y 3 > 

ata&ffcCc J: <3 p' B6 3*««EJ-*«^tt. ft 

[0049];X{C, 0 6 ( d ) Ktj^- <fc ^ {C. y 3 > 
fiA6 1©p' 16 3JfJgK®{C3m^X^6 4^« 
20 f5. C©3m^x^6 4^MiC», ^*^{bM6 5 
iiMSntl,^. ^JC. 06 (e) {c^-Ti^fc. -> 
■;n>^i^6 l»SJ:<3ifgiJffgO'r, i/ya^i 
^6 l<DMJ*«ttl 0 Mm«TCCT^,„ XK, *^ib^7 
^ A*?§jg4> KtiEP Wffi-CSiRx 9 ? > <f*tf 

[0 05 0] C©x^5=->y-C«. m§&<>C#&>ti:£' 

© p jf^ssfiigj^^A sti/c^;3>tu, x y ^ > ?m 

^ i , x .y^>y^IJ§teLfc^. P' H6 3#iSStH 
30 •3-6ix^^>^g*^^tc<BTL.. ^■©x^g : ->i' 
«S{Jf?±-r-S„ C©M*. 06 (f) (cSx-r.t^K, 

p* J16 3*jiiRW(cg|-rci*spjtei^6 D -eur. 
p' 163 l tcim-CTumnmntp-cmkm-r % 

c©^*> 06 (g) cc^-r<t^tc. Buia^ss©^ 
1. 2iis)«^. ^BlT'*/^KM^cJ:-5,^^g*Hi^^t'^c 

t^fir^S-> y ^ >JS 6 3 a fjmmi/CBf&S titcS o 1 s 

[0051] mmommA. jwt. c©»w©si*©^ 

40 Ji4K:*JW-5,SO I S^©gj§^?:. 07. 8 SrfflU 

7 imffi*m&t l cLtc&. mi (a) cc^-rj;^^. ^ 
itum. 1150 x;-c«nwb-rs c t-c^<bK7 2 

'Xfc. 07 (b) K.m?£')Ui. fctiZVicWM 

•;3>^x^7 i©vj3>Si*gUi3t4. 

[0 0 5 2] ^tC. 07 (c) iC^-TJ^iC. ->yn> 

17 3?rMtS„ ^K. 07 (d) «:^T«fc^tC. x 
50 fd7 3iC^P>^^^->aAL.-rp* 17 
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7 llcMMLte^Ji'iK.TZ. ycCC. [38 (e) icm? 
«fc5K:. C<Di"J:a>3 ia7 1 ©p' H7 4^®tC > 
3d#S1g7 5£$g«5l^bt!-S. &*>\ 3d#®i£7 53lffl 

[005 3] #tc. 08(f) tc^-rj^n:. i^';=i> 
£x^7 lSfficfc0ffgllWgLr-e-(D^'j3>'5x^7 

n&agjub-r-s., 08 (&) idTF-r-t^tc. *® 

[0054] ^T?. 08 (h) {C7jV3\fc5C£. 

«±©c itcj: o . rmo)mmitm7 6 %a»ji*»i» 

Iibfci/'j3>I74a(cj:5SOI aS^SE/aW 

s. *or. cfl^W©jg»4tc«th«. «rfBliS&©jfc 
S§1 -3 iisUHtc. «3f*'J>^ccj: 

[0 05 5] tt*s. ±IB3ISt©^SI 1 ~4 ~> 1/ a 
>JB*»TS3fc£ LT«*fcMfa ^ffi* 

ffli>-s«t5tcLrc>-5*J. enters *>©•?«&«,>. #j 

X7X ? ?>^^t-5 Citi"; 3>9xm£|&3;L,-C 
PACE (Plasma Assisted Chemical Etching) & 

[0 05 6] 

[»W©«*] feLhttMl/fcJ:5«:. c©»9irtt. *§ 
H? I *± WffiK <fc 0 Sit L fc~> U 3 > •> X/^SKX f 

<t^ffi«c:BifS©J?S ©JfclilR^JF^;* U 3 >*> 6 

Lfc. ^©Ciicmr. #i^S'>y=i»l=Sr 

JfcfS-f £ US ic , >; 3 > x; >fJWt i/'ja^x^i 

■*j&slt*j<. tic. #*rai'y=i>iBtt*©*w 

fcSiRx 0 Rfficfc <9 y 3 > ^ x^ 

tx-jwmmAmoy^tmm&zi&T-rzj: *>cc lic 

[0 05 7] JW±©C<bK<tD. W B ->'J3>IM 
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j; k> i3i*-r ^ s o 1 sts©. *©»Bf w«c»/j>Si»ciB 
®rz>xv&&£. : £iaim-ez2>. tic. jlJRx^^>y-C 

©*sjh. i";3»i©®3«. T-t/smmwrnz tc<t 0 

[0058] sfc. c©^t«, g-r, tS05l&±tf 

ffiCC J: <J 0 fcS/ y 3 > f? x /> * ^K<b 

10 tt©#H^-CB»rSB$ratti^o. wtmvmsvtmm&B 

-€•©>"; ^>'l;x-'^©^B*5go^to^±^>„ -eu-r, V 

K±ic3f5E/13©ixy3>@4»-rJ:^K:Lfc. W±© 
Cite J: 0 , *3R*^«*»<btt»H»©««ifflK J: 

SBt-r* s o i mm<D. ^vmmm&w^smici&m-r 

20 [0 05 9] -c-LT, C©^BJ-Cli. ig B B B §l§±Cfffi{C 
<fc <0 mm L 1c is'J 3 > -5 i^4S*?:Wt S#H»I*3-C 

ffifemmmm-rze t-e*a>mmicmmtm*:Bi&,uic 

$ tifc^> y 3 6 a •2»s:^ss©BuiBiffi^ 

br> ->y ^^-^x^^^oaffiiO^fSJl^^br 
te#K±tc@T^i?$©>";3»l^-rj; i 5^Lfc„ c 
©Jc^fc, ^{bM^ffJ^-r^ci-c. !/y3>">i» 
asD(c««B9fe«itttft/j>as«<is«r^. •eur. c© 

nw, §so^t>i±K:j:OM®-r-5»so i«s©. torn 

mi] x-t-mzBrnhici/'j a>vx.^tBf&Lx 

[0 2 ] ccDrnmn 1 ©3i*6©^<ctews s o 1 
s«©s?jt*tt*siK-r-5WfMia-c**. 

40 [S3] 1 tc *fT S tb^W 1 r * -S f 

-S/ci*©»rM0-C*>.5o 

[^4 ] Mfflias 1150 • > c-c*^teau/cit^-© > 

®SI8#Pb1 i $ ti^:JI9rtft/J>eUM>flR & ©K^m 
•TSiHjH-Cafe-S. 

[05] mmiKotmmst. mi&Licmitm&m 

* L 1c&<D x/n^M©^StS[/J^M©{1^ <t 

©M«?r^riftHJ0-C«)-2, < , 

[06] C(DMF}(09m<DB]& 3 5SO I S« 
50 ©Kj»^S^I!iBJ-r^Bfffi0-C$,So 
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mi] c<Dm}<Dm&<DBi&4 s o i mm 
[0 8] mi K.m^rmmoBmAicist.-tzso i m 
[19] si Moxtm(DMm*®.wrzmwm-c& 
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